The treatment of infected exposed implants which have been used for internal fixation usually involves debridement and removal of the implant. This can result in an unstable fracture or spinal column. Muscle flaps may be used to salvage these implants since they provide soft-tissue cover and fresh vascularity. However, there have been few reports concerning their use and these have concentrated on the eradication of the infection and successful soft-tissue cover as the endpoint. There is no information on the factors which may influence the successful salvage of the implant using muscle flaps.
The management of fractures has been revolutionised by the use of internal fixation. Despite its advantages the occurrence of post-operative infection of the implant is a considerable complication. A resultant soft-tissue defect with an exposed implant will usually require radical debridement, irrigation, removal of the implant and subsequent measures to obtain soft-tissue cover.
In many situations, however, removal of the internal fixation may not be desirable since this may leave an unstable fracture which may require external fixation or an unstable spinal column with the danger of neurological compromise.
The salvage of infected exposed implants may be possible in some cases. 1 Muscle flaps have an advantage by providing soft-tissue cover and the introduction of a fresh blood supply to the ischaemic and contaminated wound. 2 However, there have been few reports on the salvage of infected internal fixation devices using muscle flaps. 2, 3 These have been mainly used to manage the soft-tissue defect after debridement and removal of the implant and not to attempt primary salvage of the implant. 4, 5 Reports of their use have concentrated on the outcome of absence of infection with successful soft-tissue cover, but have not focused on salvage of the implant as a primary outcome. They have mainly been descriptions of cases with a successful outcome and have not analysed factors which may contribute to the success or failure of retention of the implant without further evidence of infection.
We describe the results of the use of pedicled or free flaps performed for the salvage of infected, exposed implants. Age, the presence of comorbid conditions, the original pathology, the location of the soft-tissue defect, the time from the primary procedure to flap cover, the type of flap and the presence of associated micro-organisms were analysed as factors affecting the successful outcome of retention of implants with no further evidence of infection.
Patients and Methods
This was a retrospective case series involving eight patients (nine pedicled or free flaps). An independent physician (KJT) not involved in the management of the patients reviewed the notes of these patients. All the implants had been inserted for fixation of a fracture or stabilisation of the spine. The original injury had been deemed to be suitable for internal fixation without requiring soft-tissue cover. Complications subsequently occurred which led to exposure of the implant and treatment using a flap was undertaken in an attempt to salvage the internal fixation. The endpoint used in the assessment of the cases was the need for implants to be removed because of continuing infection after debridement, cover by the flap and an appropriate antibiotic regime. Success was defined as the absence of continuing clinical signs of infection with retention of the implants after cover by the flap, and failure as the need for removal of the implant because of continuing infection.
There were seven men and one woman with a mean age of 37.1 years (17.0 to 53.0). Seven had undergone fixation for traumatic fractures and one had undergone spinal decompression and stabilisation for vertebral metastasis secondary to pulmonary malignancy (Table I) .
Results
All the patients had infected exposed implants, four on the lateral aspect of the calcaneum (Fig. 1 ), two at the medial side of the tibia (Fig. 2) , one on the anteromedial side of the knee, one at the anterior clavicle and one over the spine. The mean time from the primary surgery to flap cover was 36.8 days (8.0 to 63.0). The mean duration after wound breakdown to flap cover was 15.7 days (6.0 to 30.0). The four calcaneal wounds were covered by sural flaps. Pedicled flaps based on the sternal head of pectoralis major and latissimus dorsi were used to cover the clavicular and spinal wounds, respectively. A medial gastrocnemius pedicled flap was used to salvage the implants on the anteromedial aspect of the knee. Free gracilis flaps were used for both tibial wounds (Table I) .
The implants were successfully retained with no further clinical evidence of infection in four of the nine cases. One patient died from sepsis two months after the primary surgery and this was defined as a failure although the implants had been retained. In the other four failures the implants were removed because of persistent evidence of infection between 37 and 148 days after the primary surgery. Three of these patients required an additional two to three debridements. The fourth did not need further debridement (Table I) . However, although it was necessary to remove the internal fixation in these four patients the flap survived.
Younger patients had a more favourable outcome with successful salvage of the implant occurring in the three youngest patients all of whom were under 30 years of age. The fourth patient with a successful outcome was 50 years of age.
The microbiological profile and the presence or absence of comorbid conditions were also found to be predictive of outcome. The presence of methicillin-resistant Staphylococcus aureus (MRSA) and of more than one type of organism was associated with a poor outcome. MRSA was present in six patients, in five of whom the attempt to salvage the implant failed. In four of these five patients more than one organism was grown from the wound cultures.
Most of the patients had no comorbid conditions, but two with diabetes and malignancy who had received perioperative steroids did not have a successful outcome. One patient had haemoglobin H disease, but his haemoglobin level on admission was more than 10 g/dl. He was admitted with a calcaneal fracture after a fall from a height and the HbH disease was not considered to be a significant comorbid factor. He had a successful outcome. Two patients were smokers and in both the flap failed with subsequent removal of the implant.
The use of antibiotic beads, vacuum-assisted closure dressing, the surgical site, the type of flap used and the time from the primary treatment to cover by a flap were not found to be predictive factors. The procedure was successful in two patients with calcaneal wounds, in one with a tibial wound and in one with a wound on the anteromedial aspect of the knee. Successful salvage of the implant was achieved in patients with flap cover at between eight and 63 days after primary surgery and at six to 30 days after the initial breakdown of the wound indicating that the timing of the procedure was not a factor in achieving success.
Discussion
The introduction and increasing application of internal fixation for fractures have revolutionised their management, achieving stabilisation of bone and soft-tissues and allowing early mobilisation, with an improved outcome. The occurrence of post-operative infection is a major disaster. It is usually treated by repeated wound exploration, debridement, and, if necessary, removal of the implant followed by the long-term administration of intravenous antibiotics. Even worse is the situation in which there is concurrent loss of soft-tissue cover resulting in an exposed, infected implant associated and a poor outcome. The traditional treatment includes wide debridement, vigorous antibiotic irrigation, removal of the implant and stable soft-tissue cover. However, removal of the implant is not always desirable since this would leave either an unstable fracture which may require external fixation for stabilisation or, in the case of the spinal column, instability and possible neurological compromise.
Flap cover in primary treatment has gained widespread acceptance in a large series of 532 patients. Godina 6 found that early flap cover in primary trauma with a soft-tissue defect was associated with a lower rate of failure of the flap, a lower rate of post-operative infection, a shorter time to bone healing and a shorter mean length of hospital stay. Gopal et al 7 also described radical debridement, internal fixation and soft-tissue cover as an initial procedure. This was termed the 'fix-and-flap' principle. In their series, the patients had a rate of union of 100%, excluding four who required an amputation. The rate of superficial infection was 6% and of deep infection 9.5%.
The salvage of infected, exposed implants after an initial period of internal fixation without flap cover is difficult, but may be possible with early recognition of infection, aggressive irrigation and debridement by stable wound cover. 1 The local wound environment is usually ischaemic and contaminated, with a soft-tissue defect and the use of 2 Muscle and myocutaneous flaps have proved to be of great value in the reconstruction of problem wounds primarily because of their rich vascular supply and superior resistance to infection. 8 There have only been few isolated reports of the salvage of infected implants by cover with a flap. 9 These have been used more often to manage a soft-tissue defect after radical debridement and removal of the implant. 4, 5 Few authors have considered salvage of the implant to be the primary endpoint after the use of a flap. Significant reports on the use of pedicled and free flaps in the salvage of implants have been limited to wound breakdown resulting in exposure of total knee prostheses. [10] [11] [12] Reports of the salvage of exposed infected implants used for the stabilisation of fractures by flaps have been restricted to descriptions of small collections of cases with a successful outcome. 2, 3 Although our series was a varied group, we have shown that salvage of infected exposed implants is possible by flap cover. Factors predicting outcome include age < 30 years, an absence of comorbid conditions and the growth of a single organism on wound cultures. The presence of significant comorbid conditions such as diabetes, malignancy, the use of steroids and a history of smoking had a negative effect on outcome and, in particular, the growth of multiple organisms and the presence of MRSA on wound cultures were associated with an unsuccessful outcome. The use of antibiotic beads, the surgical site, the type of flap performed and the time from primary surgery to flap cover were not associated with a particular outcome.
Our method has some similarities to the fix-and-flap principle 7 but the latter involves immediate radical debridement of the wound to healthy tissue with simultaneous internal fixation and flap cover. Our cases were more challenging since they presented chronically and also required serial debridement before flap cover as the infection had more time to become established. Bacteria have been known to form a biofilm and become resistant to antibiotics and superficial debridement in chronic wounds. 13, 14 In our cases this would have meant that immediate radical debridement such as in the fix-and-flap principle was less likely to succeed.
In our study, there was a varied time of six to 30 days from the initial presentation to flap cover. Early cover is generally beneficial but some of our cases only presented after breakdown of the wound following initial internal fixation. Singh et al, 15 in a recent review of the literature, recommended early and aggressive debridement of all necrotic and non-viable tissue and the procurement of healthy margins before flap cover following wound breakdown after spinal instrumentation. The patients were initially treated with antibiotics and by debridement before a decision was made on flap cover. This led to a delay in cover of the exposed implants by a flap.
Wound care in our patients included debridement, vacuum-assisted closure dressing and the insertion of antibiotic beads. Of the four patients with successful salvage of the implant, two had vacuum-assisted closure dressings while only one of the five who needed removal of the implant had this treatment. These dressings 16, 17 have been shown to reduce oedema leading to an increase in localised blood flow and also to decrease the surface area of the wound. They also have been shown to be effective in the management of infected wound breakdown after spinal instrumentation. 18 The use of antibiotic beads did not seem to affect the outcome of our patients. With an unsuccessful attempt at flap salvage of exposed implants further debridements will be needed in attempts to eradicate infection. In all cases of unsuccessful salvage, the flap survived and we feel that although there was a significant number of failures of implant salvage, the robust muscular flap cover may have assisted in the eradication of infection.
Successful surgical salvage of infected exposed devices for internal fixation can be achieved in some cases with adequate debridement and cover by a pedicled or free flap. Factors predicting success include age < 30 years, the absence of comorbid conditions and a favourable microbiological profile. However, we recommend caution in patients with significant comorbid conditions, particularly a history of chronic smoking, the presence of MRSA and the growth of multiple organisms on wound cultures.
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